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1 
Our invention relates fo controlling the firing 
angle of thyratron tubes in which it bas many 
applications, such as arc-welding, resistance weld- 
ing, servo mechanisms, the control of the rate  
of rotation of electric motors, and other applica- 5 
tions which wfll be apparent from the ensuing 
description. 
In controlling the firing of thyratron tubes 
which are grid-controlled gaseous discharge de- 
vices tht pemit the passage of current in only l0 
one direction, there are several factors which, 
in.general, effect the firing of the tubes. Control 
oï the output of the tubes can be effected by 
controlling the firing angle which is dependent 
on a combination, among others, of the follow- 15 
ing factors: (1) The grid-to-cathode potential, 
or grid bias, of the tube as effected by the net 
instantaneous algebraic sure of the voltage or 
voltages applied to the grid; (2) The simulta- 
neously occurring anode-to-cathode potential of 20 
the tube which is the net instantaneous algebraic 
sure of all the Voltages applied to the anode, which 
in this instance includes both the alternating sup- 
ply voltage and the counter E. M. F. of the motor 
armature. 25 
In our system we employ means for utilizing 
an adjustable direct potential, which is one com- 
portent of voltage by which the grid of the thy- 
ratron tube is biased, and which may be derived 
by a suitable phase shifting network from the 30 
source of alternating current with which the 
system is supplied, and thus we obtain an adjust- 
able reference voltage without the use of auxiliary 
equipment. 
An object of this invention is to provide an 35 
electronic speed control for electric motors in 
which the speed control potentiometer is arranged 
so that it can be used fo turn the motor off com- 
pletely. 
A further object of this invention is to pro- 40 
vide a thyratron control circuit in which there 
is employed an adjustable reference voltage in 
the grid-cathode circuit of the thyratron that 
may be of either positive or negative polarity. 
Still a further object of this invention is to 45 
provide a thyratron control circuit in which there 
is employed an adjustable reference voltage that 
is obtained from a direct potential at a level sepa- 
rated by an a.lternating potential from the poten- 
tials of the thyratron power circuits, said refer- 50 
ence voltage being employed in the thyratron grid- 
cathode circuit and being of either a positive or 
negative polarity. 
Another object of this invention is fo proide 
an electronic control circuit for electric motors  
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in which the wave ïorm oï the motor field exci- 
ration has very slight effect on the control char- 
acteristics o the electronic circuit which it sup- 
plies. 
Still another object of this invention is fo pro- 
vide an improved electronic circuit for controlling 
direct current motors in which the speed of the 
motor from substantially no load to full load may 
ïoe regulated automatically. 
Still another object oÏ this invention is to pro- 
vide an electronic circuit arrangement ïor ener- 
gizing both the armature and field oÏ a direct cur- 
rent motor by rectified A. C., the torque developed 
by the motor ai a certain value of armature cur- 
rent being equal to the torque developed ïor the 
saine armature current when the motor is ener- 
gized from a D. C. voltage source. 
Other objects oï this invention will be apparent 
to those skflled in the art fo which it relates Irom 
the Ïollowing specification, claires and drawing. 
In the drawing: 
Figure 1 fllustrates a schematic wiring diagram 
of an electronic control device employing a thyra- 
tron; and, 
Figure 2 illustrates a schematic wiring diagram 
of a thyratron motor control circuit in which an 
alternating potential is introduced into the gïdd 
circuit oï the thyratron for supplementary motor 
speed control purposes. 
Referring to the drawings in detail, there is 
illustrated a circuit arrangement employing a thy- 
ratron  for contro.lling the current supplied 
fo the armature   of a direct current motor from 
the alternating current supp]y lines  and S. 
The alternating current supply lines 2 and S 
are shown connected to the terminals oï the sec- 
ondary winding  of a transformer , the pr,i- 
mary 6 of which is connected fo an alternating 
current supply of substantially constant voltage. 
However, the winding   may be connected across 
the alternating current supply lines directly so as 
to avoid the necessity of designing a transformer 
adapted to handle the D. C. components of the 
motor circuit. 
Th anode of the thyratron t is cmmected fo 
the A. C. supply line  2 and the cathode is heated 
by current supplied by a low voltage secondary 
 of the transformer . The center tap of the 
secondary  is connected to the upper brush of 
the armature   via contact S and to one ter- 
minal of each of the capcitors  and 2. The 
field winding 2 of the direct current motor is 
com]ected between the alternating current line 
. and the cathodes of the rectifiers 2S and . 
The anodes of the rectifier  are connected 
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through the resistors 25 fo the alternating ctu'- 
rent line 3 and the anodes of the rectifier 
are connected together through the resistors 
and 27. The junction of these ïesistors 2B and 
27 is connected fo the resistor 28 and through 
this resistor 28 to the upper terminal of the sec- 
ondary winding 8. The lower terminal of the 
secondary 8 is connected to the upper terminal 
2 of the secondaïy 5. Another lower voltage 
secondaïy 9 is provided for heating the cathode 
heaters of the rectifiers 23 and 24. 
The rectifier 23 rectifies the voltage of the sec- 
ondaj windings 5 and 8 and supplies current 
to the fie!d winding 22. If the voltage of the 
secondary 5 is sufficient for energizing the field 
winding 22 then the secondary 8 may be dis- 
pensed with and the resistor 28, instead of being 
connected to the upper terminal of the secondary 
8, may be connected to the alternating current 
line 12. 
The winding 29 of the potentiometer is con- 
nected to the cathode and one of the anodes of 
the rectifier tube 23 and the slider 3 of this 
potentiometer is conneeed o one terminal of the 
resistor . The other terminal of the resistor 
31 is connected to one terminal of the capacitor 
2 and to one terminal of the grid current limit- 
ing resistor 33. The other terminal of the re- 
sistor 33 is connected to the grid terminal of the 
transient current by-pass capacitor 2}. 
The capacitor 21 and the resistor $ are con- 
nected in series across the armature I I including 
contacts 3a and 3b and the capacitor 2 is 
connected between the junction of the capacitor 
21 and the resistor 34 and the junction of the 
resistors 31 and 33. 
The ïelay $ is provided with four contacts 
a, 35b, $5c and $d, all of v.,hich are connected 
to the brushes of the armature I I. The contacts 
35a are connected between the upper brush of 
the armature Il and the cathode of the thyra- 
tron 1} and the contacts b are connected be- 
tween the lower brush of the armature II and 
the alternating ctu'rent line I$. These contacts 
35a and b are closed by the relay 3 when the 
start button $7 ]s closed and at this rime the 
contacts 3,=c and -d are oloened by this relay. 
The contacts 3c and 3d are closed by the relay 
3. when the motor is tobe stopped; this is 
complished by opening the circuit of the stop 
button 38. Simultaneously the contacts 35a and 
3b are opened by the relay 35. When the con- 
tacts c and $d are closed the resistor 3B is 
connected across the aïmature II to act as 
dynamic brake on the armature by absorbing the 
current generated by the açmature and to limit 
the short circuit current in event contacts 
and 3b arc over while 3êc and 3,=d close. 
The inverse voltage across the rectifier 23, that 
is, when the anodes of this rectifier are negative 
with respect to the cathode, is empIoyed through 
the connection of the resistor 1 to the slider 
of the potentiometer winaing 29 to charge the 
grid side of the capacitor 2 negatively. For this 
purpose the s!ider  of this potentiometer should 
be placed adjacent to the top end of this poten- 
tiometer winding 29. This negative potential on 
the grid side of the capacitor 2 is necessaïy if 
itis desired to run the motor at a very !ow speed 
or to stop the motor and the magnitde of the 
negative potential may be control!ed by the slider 
30 of the potentiometer so that the motor speed 
even to the stopp!ng point may be controlled 
thereby. 
The resistor '1 and capacitor 32 that are con- 
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nected in series between the slider ${} of the po- 
tentiometer 2S and the junction between the ca- 
pacitor 21 and the resistor  are supplied with 
alternating voltage from the secondary windings 
5 I and 18 and function to shift the phase of the 
A. C. voltage applied to the grid of the thyratron 
I{} by approximately 90 electric degrees lagging, 
The circuit therefore supplies the phase shifted 
comportent of the thyratron grid potential. 
10 The capacitor 21 and the variable resistor 4 
connected in series across the armature of the 
motor function to apply a portion of the voltage 
wave or variations appearing across the arma- 
ture II to the grid of the thyratron I. The 
15 resistance of the variable resistor 4 effects the 
wave form of the potential across the capacttor 
21 and this in turn advances or retards the firing 
angle of the thyratron lB, to maintain the speed 
of the armature I I af a pre-set speed even though 
2 the load placed thereon varies. This feature of 
this circuit is described and claimed in out co- 
pending application Serial Number 12,321, flled 
March 1, 1948, now Patent No. 2,528,688, dated 
November /, 1950. 
25 In Figure 2 is illustrated t modified circuit ar- 
rangement in which the transformer 14 is pro- 
vided with an additional secondary winding 4, 
one terminal of which is connected to the grtd 
of the thyratron I and the other terminal of 
30 which is connected through the variable resistor 
41 to the junction between the two secttons a 
nd 3b of the thyratron grid current limiting 
resistor. The remaining connections of the 
schematic wiring diagrm shown in ligure 2 are 
:;5 the same as the connections of the wtrtng 
diagram illustrated in ligure 1 and corresponding 
parts of these two figures are designated by the 
same reference numerals. 
By introducing the A. C. potential from the 
-« secondary 4{} across the grid resistor section $a 
of the thyratron grid circuit it is possible fo 
reduce the speed of the armature I I to low values 
without requiring a negative D. C. charge on the 
phase shifting capacitor $2 as previously de- 
45 scribed. 
In this circuit arrangement the direct potenttal 
induced across the resistor 31 and the capacitor 
2 does hot necessarily bave fo be a well filtered, 
ripple free voltage. The direct potential em- 
50 ployed may bave pronounced ripples such as 
occur in a hall wave rectifier output across a 
resistance load. The action of the resistor 1 
and capacitor 32 is such as fo absorb the D. C. 
comportent of any wave shape induced into the 
55 circuit. 
While we bave shown our system as applied to 
a motor control mechanism, it will be obvtous 
that the system is useful in many other connec- 
tions, and that the immediate application has 
0 been illustrated and described merely to lllustrate 
the invention. We desire that out invention be 
limited only by the scope of the appended claires 
and the showing of the prior art. 
We claim: 
65 1. A thyratron control system for controlltng 
 direct current motor having a field wlndtng 
comprising a thyratron having an anode, a grtd 
and a cathode, a direct current motor having an 
armature coupled to the cathode of sald thyra- 
7o tron, a source of alternating current connected 
to said thyratron anode and to said motor arma- 
ture, means for rectifying said alternattng cur- 
rent to supply direct current pulses to satd fleld 
winding, a phase shifting network connected to 
75 said alternating current supply and to satd thyra- 
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tron grid, a grid resistor connected between said 
thyratron grid and said phase shifting network 
and means for applying an alternating voltage 
across said grid resistor to facilitate control oï 
said motor at low speeds. 
2. A thyratron control system for controlling a 
direct current motor having a field winding com- 
prising a thyratron having an anode, a grid and 
a cathode, a direct current motor having en 
armature coupled to the cathode of said thyra- 
tron, a source of alternating current connected 
to said thyratron anode and fo said motor arma- 
ture, means for rectifying said alternating cm'- 
rent fo supply direct current pulses to the field 
winding oï the motor, a phase shifting network 
connected fo said alternating current supply and 
fo said thyratron grid, a resistor and a capacitor 
connected in series across said motor armature, 
means for connecting the grid circuit of said 
thyratron fo the junction between said capacitor 
and said resistor, a grid resistor connected be- 
tween said thyratron grid and said phase shift- 
ing network and means for applying an alternat- 
ing voltage across said grid resistor to ïacilitate 
control of said motor et low speeds. 
3. A thyratron control system for controlling 
a direct current motor having a field winding 
comprising a thyratro n having an anode, a grid 
and a cathode, a direct current motor having 
an armature coupled to the cathode of said 
thyratron, a source of alternating current con- 
nected to said thyratron anode and to said motor 
armature, means for rectifying said alternating 
current to supply direct current pulses to said 
field winding, a phase shift2ng network con- 
nected to said alternating current supply and fo 
sad thyratron grid, a grid resistor connected 
betweer said thyratron grid and said phase 
shifting network, means ïor applying an alter- 
nating voltge across said grid resistor to facili- 
tare control of said motor at low speeds, a 
dynamic brake resistor and means for connect- 
rg said dynamicf brake resistor across said 
armature when said motor is to be stopped. 
4. A thyratron system for controlling a direct 
current motor having a field comprising a thyra- 
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tron having an anode, a grid and a cathode, a 
direct current motor having an armature cou- 
pled to the cathode of said thyratron, a pair of 
lines connected fo a source of alternating cur- 
5 rent, one of said lines connected to said thyra- 
tron anode, a relay having a pair of contacts, 
one of said contacts on each side of said motor 
armature, means for rectifying said alternating 
current to supply direct cuïrent pulses fo said 
I0 motor field, connections fol connecting one side 
of said relay fo one side of said field, a normally 
closed "stop" switch connected in series with 
said relay and said motor anïature, and a nor- 
mally open "start" switch connected fo one side 
15 of said "stop" switch and across one of said pair 
of relay contacts. 
5. A thyratron control system for controlling 
a direct current motor having a field comprising 
a thyratron having an anode, a grid and a cath- 
20 ode, a direct curren motor having an armature, 
a pair of lines connected fo a source of alter- 
nating current, one of said lines connected fo 
said thyratron anode, a relay having a pair of 
contacts, one of said contacts on each side of 
25 said motor armature, a rectifier for rectiïying 
said alternating current fo supply direct current 
pulses to said motor field, a normally closed 
"stop" switch, a normally open "start" switch, 
connections for connecting said "stop" switch, 
30 said "start" switch and said relay in series across 
said field fo energize said relay ïrom said recti- 
fier, and connections for connecting said "start" 
switch across one of said pair of contacts where- 
by said contact functions as a holding-in-con- 
35 tact for said relay after said "start" switch îs 
closed and released. 
BEITHOLD A. KNAUTH. 
PAO HSIUNG CITIN. 
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